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LIGHTWEIGHT COMPOSITE POLYMERIC ELECTROLYTES 
FOR ELECTROCHEMICAL DEVICES 



BACKGROUND OF THE INVENTION 

Field of the Invention 
A composite solid, semi-solid, or liquid state 
polymer electrolyte for alkali metal or alkaline 
5 earth metal batteries, and other electrochemical 

devices, which contains dispersed ceramic fillers, 
and which may be solidified by an alkali metal or 
alkaline earth metal triflate salt and toughened 
by partial evaporation of an ether and/or ester 
10 component . 



DESCRIPTIO N OF THE PRIOR ART 

In the prior art, various polymers have been 
used as a component of the electrolytes of solid 
state alkali and alkaline earth metal batteries, 
and various other kinds of electrochemical 
devices . 

Among the problems associated with many polymers 
is that they have inherent relatively low ionic 
conductivity, and may react with the component 
materials, which may be an alkali metal, such as 
lithium, or other metallic anodes to form a non- 
conductive boundary layer, or which have a 
crystalline structure that prevents the free flow 
of ions, and hinders rechargeability . 
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The prior art polymer-containing electrolytes 
may also exhibit poor adherence to the electrodes, 
do not possess sufficient strength to prevent the 
punching through of dendrites and consequent 
shorting of the battery, and lack sufficient 
electrochemical and temperature stability at 
ambient temperatures . 

It is known that the introduction of inorganic 
fillers into a polymer matrix improves the 
mechanical stability, the electrochemical 
stability, the temperature stability range of the 
host polymer, and improves cycling of the device 
due to a reduction in interfacial contact between 
the alkali metal anode metal and the electrolyte. 

The U.S. Patent to Hope, et al . , No. 5,006,431 
describes a solid state polymer electrolyte for 
batteries, where the electrolyte is formed by 
mixing an ultraviolet light or electron beam 
curable polymer with an electrolyte, and curing 
the mixture by exposure to ultraviolet light or 
electron beam radiation, whereby the polymer cross 
links and forms the electrolyte. 

The U. S. Patent to Beard No. 5,147,739 
describes composite anodes which contain lithium 
or lithium anode substrates in combination with 
one or more insertion compounds which consist of 
transition metal chalcogenides or oxides as a 
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coating or dispersion. Howeveri these compounds 
for m heavy oxides which are noc suitafale ^ ^ 
applications . 

The use of fii lers is describe<J . n 
literature in articles entitled, 

Summit s Poi Y e f . h .r n„^. SeU ^ MMSisslYLss ^ by 

w. Wieczorek, Dept. of Physics., Universlty Qf 
Guelph, NIG 2W1 Guelph , 0ntarlOi canada; Qn ieave 

from Dept. of Chemistry, „ arsa „ UniverslCy q£ 

Technology, ul . Noakowskiego 3, 0 0- 664 Wa rsza„a, 

Poland; 

by Emma nual Peled. Ganesan Nagasubranian. Gerald 
Halpert and Alan !. Att ia of California Technical 
institute, for NASA's j. t Propulsion Laboratory, 
Pasadena, California; 

by P. Pszczolkovski, „. siekierski. and j 
Przyluski, Division of Solid state Technology, 
1*P<:- of Chemistry, Warsaw UnlversiCy o( 

Technology, ul . Noakowskiego 3, 00-664 Warszawa. 

Poland; 

and Ci a£S£iSEi za ilSiL __^ 

Selids, by j. P . Lemmon , j Wu and M m 

°*pt. of Chemistry and center for Advanced 
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Materials Research, Oregon State University, 
Corvallis, Oregon 97331-4003; and 

An Application of Random and Layered Polymer 
Nanocomposites in Lithium Polymer Batteries - a 
Review . by Wlodzimierz Krawiec and Lawrence G. 
Scanlon, Aero Propulsion and Power Directorate, 
Wright Laboratory POOS-2, Wright-Patterson Air 
Force Base, OH 45433-7251, and Emmanual Giannelis, 
Dept. of Material. Science and Engineering, Cornell 
University, Ithaca, NY 14853. 

While the prior art disclosures may incorporate 
lithium triflate, they cross link the polymer for 
solidification of the electrolyte, which does not 
occur in the present invention. In addition, the 
prior art devices may not contain all the required 
compounds, such as polyethylene oxide, as called 
for in the present invention and do not contain 
lightweight oxides such as magnesium, lithium and 
sodium oxides. 

In another example, a liquid electrolyte has 
been compounded, which consisted of propylene 
carbonate (PC) and 1, 2 dimethoxyethane (DME) and 
lithium perchlorate salt. However, this liquid 
electrolyte mixture will not solidify when 
polyethylene oxide (PEO) is added. 

In addition, this and like mixtures which do not 
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contain alkali metal triflate will not solidify, 
if for example alkali metal salts such as lithium 
hexafluoroarsenate, lithium hexaf luorophosphate , 
lithium tetrafluoroborate, and lithium 
5 bistrif luoromethylsulf onylimide are used. 

While a solid state electrolyte has been made 
using polyethylene oxide and lithium triflate 
alone, it did not possess sufficient conductivity, 
cyclability, or strength even when propylene 
!0 carbonate was added. , 

It is desired to improve on the reported 
electrolyte compositions, and it has been-, 
discovered that the addition of lightweight 
inorganic fillers, such as magnesium, lithium, and 
sodium oxide improves certain characteristics of 
the electrolytes, and that the compositions do not 
suffer from the described prior art problems. 
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SUMMARY OF THE INVENTION 

It has now been found that composite polymer 
electrolytes which are highly ion conductive, 
inert to alkali or alkaline earth metal battery 
components, flexible but tough enough to resist 
dendrite formation, with increased electrochemical 
and temperature stability, and improved cycling 
characteristics, and resistance to high voltage 
breakdown, can be made by compounding alkali metal 
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triflate- salts and polyethylene oxide (PEO) to 

which mixtures of dispersed lightweight inorganic 

fillers have been added, . such as oxides of 

lithium, magnesium, and sodium, with co-solvents 

of esters (particularly ethylene carbonate, 

propylene carbonate, and dimethyl carbonate) and 

ethers (particularly 1, 2 dime thoxye thane) , or 

pyrrol idinones and ethers, or with two esters or 

two ethers where one of them has a higher boiling 

point. Solidification of the electrolyte is 

achieved by the presence of the alkali metal 

triflate salt ( trif luoromethanesulf onate) , and 

subsequent toughening of the solid state 

* 

electrolyte is achieved by partial evaporation of 
the lower boiling point ether or ester component. 
If two esters or two ethers are used, the 
remaining lower boiling point ester or ether 
component* further enhances ionic conductivity and 
cyclability. 

For high voltage applications, lithium 
hexaf luorophosphate salt (LiPF 6 ) may be added. The 
liquid polymer electrolytes may not contain PEO. 

The principal object of the invention is to 
provide a composite solid, semi-solid, or liquid 
state polymer alloy electrolyte for batteries and 
other electrochemical devices which contains a 
lightweight inorganic, electrically non-conductive 
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filler, particularly oxides and peroxides of 

lithium, magnesium and sodium. 

A further object of the invention is to 
provide an electrolyte of the character aforesaid 
that has low interfacial reactivity with 
electrodes. 

A further object of the invention is to provide 
an electrolyte of the character aforesaid, that 
has excellent adherence, desired viscosity, and 
low shrinkage properties. 

A further object of the invention is to provide 
an electrolyte of the character aforesaid that is. 
flexible, tough and resistant to dendrite 
formation, but easy to handle and produce. 

A further object of the invention is to provide 
an electrolyte of the character aforesaid which, 
has improved electrochemical stability. 

A further object of the invention is to provide 
an electrolyte of the character aforesaid which 
has improved cycling characteristics. 

A further object of the invention is to provide 
an electrolyte of the character aforesaid that has 
improved temperature stability. 

A further object of the invention is to provide 
an electrolyte of the character aforesaid that 
allows rapid processing and can be used for high 
voltage applications. 
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Other objects and advantageous features of the 
invention will be apparent from the description 
and claims . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Batteries such as alkali metal batteries, and 
for example lithium batteries, consist of at least 
an anode layer, a polymer electrolyte layer, and a 
cathode layer. Such batteries can be of virtually 
any desired size and configuration, and usually 
include additional layers such as current 
conducting backing layers, insulating layers and 
electrode connection layers. 

Batteries with liquid electrolyte also require 
a porous, electrically non- conductive membrane in 
place of solid polymer electrolyte. 

The polymer dielectric electrolyte layer must be 
compatible with the component materials used to 
fabricate the batteries while possessing suitable 
ionic conductivity. 

In the described battery a base is provided, 
which can be a web of material such as nickel foil 
or carbon fibers or expanded metallized plastic 
film coated with a cathode material of well known 
type, such as described in U.S. Patent No. 
4,960,655 and the Patent Application of Joseph B. 
Kejha, Serial No. 08/281,011 filed on July 27, 
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The cathode may have an additional layer c f 
polymeric electrolyte composition applied thereto, 
which composition may be of any well known 
polymeric material, such as polyethylene oxide and 
propylene carbonate compounded with a lithium 



salt 



An additiona! layer of anode material is a p plied 
°n top of tne electroiyte layer, which can be , 
base layer of carbon fibers.coated with lithium as 
described in prior Patent „o. _ 4, 794 . 0 S9, . or of 
lithium foil to form an anode layer. 

The resultant battery can be provided with otheri 
layers as desired. 

The composite solid or. semi -solid state 
polymeric electrolyte for example, which is 
suitable for lithium batteries, contains an ester 
such as propylene carbonate (PC, in the range Qf 
20% to 90% by weight, an ether such as l, 2 
dimethoxyethane (DME, in the range of 4% to 70% by 
weight, an ion conductive salt, such as lithium 
triflate <LiCF 1 S0 J , in the range of 1% to 90% by 
wexght, polyethylene oxide <PEO> in the range of 
0.2% to 60% by weight, lithium oxide (L^O) in the 
range of „ to 50% by weight, or magnesium oxide 
("90, i„ the range ot 1S Co s „ fcy we . ghc ^ 
lithium peroxide ( Li j0j , in the range of 1% Co 50% 
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by weight, or magnesium peroxide (Mg 2 0 2 ) in the 
range of 1% to 50% by weight, or sodium peroxide 
(Na 2 O a ) as well as other oxides thereof, or their 
mixtures. If desired for higher voltage 

applications, lithium hexaf luorophosphate (LiPF 6 ) 
in the range of 1% to 90% by weight may be added. 
The PC can be replaced by other esters such as 
butylene carbonate, ethylene carbonate, dimethyl 
carbonate, diethyl carbonate, and others or blends 
thereof; or by a pyrrolidinone such as N-methyl 
pyrrol idinone, 1, 5 -dimethyl -2 pyrrolidinone and 
others; or by polyethylene glycol dimethyl ether 
( PEGDME ) which is an ether with a higher boiling 
point , of the same % weight range . The DME can 
also be replaced by other low boiling point 
ethers, such .as 1, 2 dimethoxypropane and others 
or by low boiling point esters such as dimethyl 
carbonate and diethyl carbonate of the same 
percent weight range. Various combinations of ion 
conductive esters, ethers and pyrrol idinones are 
also useful, such as a plurality of esters, a 
plurality of esters and an ether, a plurality of 
ethers and an ester and other combinations as 
desired . 

The lithium triflate salt has a dual purpose: 
first, as an ionic conductor; and second, as a 
solidification agent of the electrolyte without 
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cross -li„ kin9 . The pEO is u . thoat ch ^ ns 

The lithium, sodium, and magnesium oxides and 
peroxides are lightweight and improve the 
mechanical, electrochemical temperature and 
interfacial stability of the composite. 

It should be noted that £or other alxali metal 
batteries, and electrochemical devices, the 
lithium triflate and hexafluoropnosphate salts 
should be replaced by a corresponding triflate and 
hexafluorophosphate salts . to match the elected 
alkali metal . 

Preferred embodiments of the invention are 
illustrated in the following examples: 

EXAMPT f R T 

A sample of a composite polymeric eiectrolyte 
«as formed by compounding a lithium salt and a 
polymeric material which consisted of 35 ts - 
(peroent) by weight of propylene carbonate ,PC, 
35.45% (percent, by weight of 1,2 dimethoxyethane ' 
(DME, 9 . 28i ( p ercenc) fay ue . ght of iith . 

triflate, 2.95% (percent 1 v-,,, 

v percent J fay weight 

polyethylene. oxide ( PEO) and is an% , 

, ana 16.87% (percent) by 

weight of lithium oxide (Li,0) . 

The mixture was heated to 70°C and became 
liquid, the hot liquid was applied by wel! known 
means to an electrode layer and was cooled to 33°C 



ium 
of 
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or less, for 5 minutes to allow partial 
evaporation of the DME . The mixture solidif ied 
due to the presence of lithium triflate and formed 
a solid or semi-solid, ion- conductive layer with 
a skin of desired thickness, porosity, strength 
and adherence. Immediately after the 5 minute 
cooling period, the second electrode was added on 
top of the electrolyte layer, which stopped the 
evaporation, and resulted in a battery cell of 3 . 2 
to 3.6 volts, which is capable of being loaded to 
3.75mA/cm 2 , and is rechargeable. 
EXAMPLE II 

A sample of a composite polymeric electrolyte 
was formed by compounding a lithium salt and a 
polymeric material which consisted of 35.45% 
(percent) by 'weight of propylene carbonate (PC) , 
35.45% (percent) by weight of 1,2 dimethoxyethane 
(DME) , 9.28% (percent) by weight of lithium 
triflate, 2.95% (percent) by weight of 
polyethylene oxide (PEO) , and 16.87% (percent) by 
weight of magnesium oxide (MgO) . 

The mixture was heated to 7 0°C and became 
liquid, the hot liquid was applied by well known 
means to an electrode layer and was cooled to 33°C 
or less, for 5 minutes to allow partial 
evaporation of the DME. The mixture solidified 
due to the presence of lithium triflate and formed 
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a solid or semi . solid , ion . CQnductive 

\ skin o£ desi - d po- icy . scrength 

an, adherence. lmmediately ^ s 

cooling period, the second elect™*, 

electrode was added on 

^ " 1-y.r.. which SC o PP ed C he 

evaporation, and resulted in a bacCery ^ ^ 3 ^ 

to 3.8 volts, which is r* apabl(=> 0 . . . 
... . -apable of being loaded to 

3.75mA/W, and is rechargeable. 
EXAMPr.K tjj 

A sa mpie or a compOEit ,, polymeric 
»as forced by corapounding a iicMum 

Polymers raterial „ hich consisted q£ ^ 

(percent) by weioht- 

P-pvlene carbonate (PC) , 
• 45, percent) by weight of i ? 
mMPM ' dl ^thoxyethane. 

(DME), 9.28% (percent-) k . 

P nt> by Wei ^ ht of i ithi 

5 " ( ee™*™> by „ eight o£ 

P FeChylene ° Xlde l«..7* (P erce„ C)by 

»«3h t of l ichium peroxide (L . j0 ; 

The raixCure .„ heaced J ■ ^ fcec 

""^ C ° ^ > — „ as oooled to 33.C 

« less, for . ( ~ 

evaporation of the dme " " 

mixt. re solidified 

d ue to tL , , , 

xum trifiate and formed 

a solid oj. .i_ c • 

conduct!, ayer with a 

SjCln ° f desir <^ chiekaeas, porositv ^ 
adh^n Porosxty, strength and 

adherence. Immediately after the * • 

r arter the 5 minute cooling 
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period, the second electrode was added on top of 
the electrolyte layer, which stopped the 
evaporation, and resulted in a battery cell of 3 . 4 
to 3.6 volts, which is capable of being loaded to. 
5 3.75mA/cm 2 , and is rechargeable. 

EXAMPLE IV 

A sample of a composite polymeric electrolyte 
was formed by compounding a lithium salt and a 
polymeric material which consisted of 35.45% 

10 (percent) by weight of propylene carbonate (PC) , 

35.45% (percent) by weight of 1,2 dimethoxyethane 
(DME), 9.28% (percent) by weight of lithium 
triflate, 2.95% (percent) by weight of 
polyethylene oxide (PEO) , and 16.87% (percent) by 

15 weight of magnesium peroxide (Mg0 2 ) . 

The mixture was heated to 7 0°C and became 
liquid, the hot liquid was applied by well known 
means to an electrode layer and was cooled to 3 3°C 
or less, for 5 minutes to allow partial 

20 evaporation of the DME. The mixture solidified 

due to the presence of lithium triflate and formed 
a solid or semi-solid, ion- conductive layer with 
a skin of desired thickness, porosity, strength 
and adherence. Immediately after the 5 minute 

25 cooling period, the second electrode was added on 

top of the electrolyte layer, which stopped the 
evaporation, and resulted in a battery cell with a 
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voltage in the range of 3.4 to 3.6 volts, which is 
capable of being loaded to 3 . 75mA/cm 2 , and is 
rechargeable . 
EXAMPLE V 

A sample of a composite polymeric electrolyte 
for higher voltages was formed by compounding a 
lithium salt and a polymeric material which 
consisted of 35.45% (percent) by weight of 
dimethyl carbonate (DMC) , 26.45% (percent) by 
weight of ethylene carbonate (EC), 9.28% (percent) 
by weight of lithium triflate, 9% (percent) by 
weight of lithium hexaf luorophosphate (LiPF 6 ) 
2.95% (percent) by weight of polyethylene oxide 
(PEO), and 16.87% (percent) of soduum peroxide 
15 (Na 2 O a ) . 

The mixture was heated to 70°C and became 
liquid, the hot liquid was applied by well known 
means to an electrode layer and was cooled to 33°C 
or less, for 5 minutes to allow partial 
evaporation of the DMC. The mixture solidified 
due to the presence of lithium triflate and formed 
a solid or semi-solid, ion-conductive layer with a 
skin of desired thickness, porosity, strength and 
adherence. Immediately after the 5 minute cooling 
period, the second electrode was added on top of 
the electrolyte layer, which stopped the 
evaporation, and resulted in a battery cell with a 
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voltage in the range of 3.4 to 5.0 volts, which is 
capable of being loaded to 3 . 75mA/cm 2 , and is 
rechargeable . 
SAMPLE VI 

A sample of a composite polymeric electrolyte 
for higher voltages was formed by compounding a 
lithium salt and a polymeric material which 
consisted of 35.45% (percent) by weight of 
dimethyl carbonate (DMC) , 26.45% (percent) by 
weight of ethylene carbonate (EC), 9.28% 
(percent) by weight of lithium triflate, 9% 
(percent) by weight of lithium hexaf luorophosphate 
2.95% (percent) by weight of polyethylene oxide 
(PEO) , and 16.87% (percent) of sodium oxide (Na 2 0) . 

The mixture was heated to 7 0°C and became 
liquid, the Tiot liquid was applied by well known 
means to an electrode layer and was cooled to 33°C 
or less', for 5 minutes to allow partial 
evaporation of the DMC. The mixture solidified 
due to the presence of lithium triflate and formed 
a solid or semi-solid, ion-conductive layer with a 
skin of desired thickness, porosity, strength and 
adherence. Immediately after the 5 minute cooling 
period, the second electrode was added on top of 
the electrolyte layer, which stopped the 
evaporation, and resulted in a battery cell with a 
voltage in the range of 3.4 to 5.0 volts, which is 
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loaded to 3.75mA/cnr, and is 

re ch- --able. 
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fuel c„n teries - capacitors and 

fuel cells and j- ,- ov , . 

ear characteristics as 
described. as 
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'descrinf ■ understood that the 
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It is thus apparent that the objects of the 
invention have been achieved. 
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15 



20 



25 



l. A composite polymeric so i id or semi . solid 
state electrolyte for batteries, capacitors and 
other electronical devices herein the 
electrolyte contains an. alkali metal or alkaline 
earth me tal trifiate salt, polyethylene oxide and 
a lightweight oxide selected from the group 
consisting of oxides of lithium, magnesium or 

sodium, compounded with a <-v-, ■«,„! 

winn a co-solvent of an ester 
and at le.st one echer , in ^ ^ 

electrolyte is accomplished by chB presMce Qf 
»>e trifiate salc and by parciai evaporatiQn ^ 

the ether a „d „ herein che polyethylene ^ ^ 

not cross link. 

2. A composite polymeric soiid or semi-solid 
-ate electrolyte for batteries, capacitors and 
other electronical devices wherein the 
electrolyte contains an al ka ii metal or alkallne 
earth metal trifiate salt, polyethylene oxide and 
a lightweight oxide selected from the group 
consisting of oxides of lithium, magnesium or 
sodium, compounded with a co- solvent of an ether 
and i ggg £ ' * 

■ < v;h. ich solidification of 

the electro!- - a ,. .... . . ,_ 

• • x ,ed by the presence of 

"e trifiate sait and by parclaJ evaporation ^ 
the ether end wherein the polyethylene oxide does 
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not cross link. 

3. A composite polymeric solid or semi-solid 
state electrolyte for batteries, capacitors and 
other electrochemical devices wherein the 

5 electrolyte contains an alkali metal or alkaline 

earth metal triflate salt, polyethylene oxide and 
a lightweight oxide selected from the group 
consisting of oxides of lithium, magnesium and 
sodium, compounded with a co- solvent which 

10 consists of a plurality of ethers with different 

boiling points, in which solidification of the 
electrolyte is accomplished by the presence of the 
triflate salt and by partial evaporation of the 
lowest boiling point ether and wherein the 

15 polyethylene, oxide does not cross link. 

4. A composite polymeric solid or semi-solid 
state electrolyte for batteries, capacitors and 
other electrochemical devices wherein the 
electrolyte contains an alkali metal or alkaline 

20 earth metal triflate salt, polyethylene oxide and 

a lightweight oxide selected from the group 
consisting of oxides of lithium, magnesium and 
sodium, compounded with a co- solvent of a 
plurality of esters with different boiling points, 

25 in which solidification of the electrolyte is 

accomplished by the presence of the triflate salt 
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and by partial evaporation of the lowest boiling 
point ester and wherein the polyethylene oxide 
does not cross link. 

5. A composite electrolyte as defined in 
claims 1, or 2, or 3 , or 4 which additionally 
contains lithium hexaf luorophosphate . 

6- A composite electrolyte as defined in 
claims 1, or 2) or 3, or 4 in which said triflate 
salt is lithium triflate. 

7. A composite electrolyte as defined in 
claims 1, or 2 , or 3 , Qr \ ±n ^.^ ^ 

lightweight oxide is selected from the group 
consisting of higher oxides of lithium, magnesium 
and sodium. 
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